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© Sloped contact etch process. 

© The process described provides a sloped con- 
tact etch. The process has the steps of: etching a 
substrate 12 then removing the polymer that is pro- 
duced during the substrate 12 etch. These two steps 
are alternated until a desired depth is reached. Next, 
the resist 11 is etched followed by an etch of the 
substrate 12. This is then repeated until the required 
depth is reached. By varying the duration and repeti- 
tion of the etches, the slope of the etch can be 
i regulated. 
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SLOPED CONTACT ETCH PROCESS 



Background of the Invention 

This invention relates, in general, to contact 
etch processes and. more particularly, to sloped 
contact etch processes. 

In the manufacture of semiconductor devices, 
insulating layers such as silicon dioxide, 
phosphorus-doped silicon dioxide, silicon nitride, 
etc., are used to electrically separate conduction 
layers such as doped polycrystalline silicon 
(polysilicon), aluminum, refractory metal silicides, 
etc. It is often required that the conduction layers 
be interconnected through holes in the insulating 
layers. These holes are referred to as contacts or 
vias and often must exhibit specific characteristics, 
such as a sloped or tapered profile. The sloped 
profile is necessary so that the step coverage of 
the conduction layer into the hole is of adequate 
thickness. Standard techniques for deposition of 
the conduction layers include sputtering and evap- 
oration. Both of these techniques provide step cov- 
erage of the contact hole that is sensitive to the 
contact profile. Vertical contact profiles often result 
in unacceptable step coverage. Highly sloped con- 
tact profiles result in good step coverage, however, 
the contact is often excessively enlarged in the 
process. This enlargement may cause unwanted 
electrical shorting between or within conduction 
layers, and may also reduce the density of the 
circuit features, that is, limit how close together the 
devices can be placed. 

Providing adequate contact slope is critical to 
achieving acceptable contact step coverage. Sev- 
eral methods of producing sloped contacts are 
known in the art These can be grouped into the 
general categories of: wet etch; wet/dry etch, reac- 
tive ion etch (RIE); isotropic/RIE etch; and resist 
erosion technique. 

The wet etch technique uses standard 
photoresist exposure and development techniques 
to print the required contact pattern on the insulat- 
ing layer. To further enhance the slope of this 
process, CF4/O2 plasma pretreats have been used 
to promote preohmic taper. The plasma pretreat is 
difficult to control and provides non-uniform tapers. 
The profile of the sides of the photoresist opening 
are vertical for this type of etch. As the insulating 
layer is etched, with NhUFrHF acids or the like, the 
photoresist will protect the areas not exposed. The 
chemical wet etch will etch the insulating layer 
isotropically so that the contact profile is sloped. 
This process significantly enlarges the contact area 
due to the non-directionality of the wet etch. In 
addition, the acids used suffer from high particulate 



counts which contaminate the contact area. 

The wet/RIE technique process has the dis- 
advantage of requiring two separate etch processes 
and still uses the acid as in the wet etch. To create 

5 an initial slope profile followed by a less sloped 
profile in the oxide contact (funnel shaped preoh- 
mic), two photoresist steps are used each requiring 
a different acid and/or dry etch to accomplish each 
objective. Problems resulting from this process in- 

10 elude: resist adhesion and phosphorus concentra- 
tion differences on the oxide surface that cause 
erratic size and taper of preohmics; excessive un- 
dercutting of the preohmics can be caused by 
variations in the acid strength from batch to batch, 

75 changes in buffering concentrations inherent in the 
acid solutions (crystals), and temperature vari- 
ations; and alignment tolerances required result in 
significant photoresist redo rates. 

The isotropic/RIE etch technique first etches 

20 the contact pattern delineated by the photoresist 
into the underlying glass substrate using a high 
pressure isotropic plasma etch (CF4. 8.5%). The 
etch is completed with a selective RIE etch step to 
remove the remaining oxide. The isotropic step of 

25 this method is described in U.S. Patent 4.361,599 
issued to Robert L Wourms. This technique results 
in a cusp shaped taper rather than a sloped taper; 
has poor process stability; and is labor and han- 
dling intensive. 

30 In the resist erosion technique, the required 

contact pattern is printed on the insulating layer, 
again using standard photoresist exposure and de- 
velopment techniques. Next, the photoresist layer 
is baked such that the resist flows giving the walls 

35 defining the openings in the resist a tapered or 
sloped profile. Next the device is dry etched in an 
environment that will etch the substrate and resist 
at the same time. This will replicate the sloped 
resist profile into the substrate. The disadvantages 

40 in this process are that a relatively thick resist layer 
is required; the scaling of the process does not 
lend itself to VLSI geometries; and the reproduc- 
ibility, across one or numerous wafers, of the par- 
ticular slope of the baked resist is very poor. 

45 Another type of the resist erosion technique 

utilizes resist faceting. First, standard photoresist 
exposure and development techniques are again 
used to print the required contact pattern on the 
insulating layer. A dry etch of the oxide is then 

50 conducted using an in situ resist tapering process. 
By using a low pressure and high oxygen flow 
etch, the comers or edges of the resist will etch 
faster than the planar resist. This results in a 
sloped resist profile referred to as resist faceting. 
This slope is then replicated into the substrate 
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using the same technique described for the resist 
erosion technique. 

Another form of resist erosion technique is a 
two step method and uses a two-layer photoresist 
mask. This is described in Saia, et al. f "Dry Etch- 
ing of Tapered Contact Holes Using a Multilayer 
Resist", 132 J. Electrochemistry Soc.: Solid-State 
Science and Technology 1954 (August, 1985). 
Here the authors describe the process using a two- 
layer photoresist mask, where the bottom layer is 
poly (methyl methacrylate) (PMMA) and a plasma 
gas etch containing CHF3, argon and oxygen. The 
photoresist to oxide etch rate ratios ranged from 
1.5:1 to 1:1. 

One of the drawbacks of resist faceting tech- 
niques is the limit of the taper produced in the 
substrate. In order to achieve an appreciable 
sloped resist profile, a large amount of the resist 
must be consumed during the faceting step. This 
resist consumption requires both thickening of the 
resist and limiting of the facet etch time, which is 
approximately one-half of the total etch time, to 
prevent resist break through and etching to areas 
once protected. 

The faceting process increases the contact 
size delineated by the resist prior to the final etch 
step that removes remaining dielectric. The dis- 
advantages of this technique include the enlarge- 
ment of the base of the contact beyond the original 
size delineated in the resist. The final facet etch 
step, that is required to clear the oxide, will tend to 
destroy the slope character of the contact. 

In general, as devices and line widths have 
become smaller, wet etching has proved unsuitable 
for fine line etching below about 3um. In addition, 
profile control has also driven the industry in the 
direction of plasma (dry) etching. Overviews of 
etching are reported in Weiss, "Plasma Etching of 
Oxides and Nitrides", Semiconductor International . 
56 (Feb, 1983), and in Coburn, "Pattern Transfer", 
Solid State Technology . 117 (April. 1986). 

While the ideal contact through a dielectric 
layer between two conduction layers would be a 
completely metal filled truly vertical contact hole or 
via, technology to reliably provide such contacts is 
not yet in place. Therefore, there is still a great 
need for the ability to control the slope of the 
contract walls so as to permit good step coverage 
and contact to the lower conductive layer by the 
overlying conductive layer. 

An article by Bergendahl et al., "A Flexible 
Approach for Generation of Arbitrary Etch Profiles 
in Multilayer Films", Solid State Technology . 107 
(Nov., 1984), describes an additional method, 
known as multi-step contour (MSC) etching. MSC 
is described as combining independently optimized 
process modules to form a complete process. The 



process described in the Bergendahl article has the 
problems of filament development and excessive 
bulk resist removal, and stresses induced ny power 
pulses during all process steps. 

5 

Summary of the Invention 

Accordingly, it is an object of the present in- 
fo vention to provide a sloped contact etch process 
that overcomes the above deficiencies. 

A further object of the present invention is to 
provide a sloped contact etch process that does 
not require the use of a resist flowing step. 
is Another object of the present invention is to 

provide a sloped contact etch process that can be 
selectively varied to provide differing slopes. 

Still another object of the present invention is 
to provide a sloped contact etch process that uses 
20 selective etch processes. 

Yet another object of the present invention is to 
provide a sloped contact etch process that will 
provide improved metal step coverage. 

A further object of the present invention is to 
25 provide a sloped contact etch process that reduces 
the required thickness of the resist layer. 

Another object of the present invention is to 
provide a sloped contact etch process that in- 
creases yield. 

30 Still another object of the present invention is 

to provide a sloped contact etch process that can 
be performed in a single continuous program in a 
reactive ion etch tool. 

Yet another object of the present invention is to 

35 provide a sloped contact etch process that utilizes 
a single photoresist process step. 

A particular embodiment of the present inven- 
tion comprises a sloped contact etch process hav- 
ing the steps of: etching a substrate; and removing 

40 the polymer that is produced during the substrate 
etch. These two steps are alternated until a desired 
depth is reached. Next, the resist is etched fol- 
lowed by an etch of the substrate. This is then 
repeated until the required depth is reached. By 

45 varying the duration and repetition of the etches, 
the slope of the etch can be regulated. 



Brief Description of the Drawings 

FIGS. 1-6 are process flow diagrams of a 
sloped contact etch process embodying the 
present invention; 

FIGS. 7A and 7B are photographs of vias 
55 produced utilizing prior art sloped contact etch 
processes; and 
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FIGS. 8A and 88 are photographs of vias 
produced utilizing the sloped contact etch process 
of the present invention. 



Detailed Description of the Drawings 

Referring to FIGS. 1-6, process flow diagrams 
of integrated circuits, showing one embodiment of 
the present Invention, are illustrated. In FIG. 1 a 
substrate 12 is illustrated having a layer of 
photoresist 1 1 disposed thereon. The photoresist is 
masked and developed to form the contact via 13. 
As shown here contact via 13 is defined by sloped 
walls on resist 11. It should be noted that the 
sloped walls of resist 11 are caused by the pro- 
cessing method used to form via 13 and is not 
required by the present process. The present pro- 
cess will work as well with a via 13 defined by 
straight walls. The main element here is to have 
the base width of via 13 the size of the desired 
contact base. 

Next, as shown in FIG. 2, the contact area is 
etched into substrate 12. This is done in a series of 
processing steps which includes etching the sub- 
strate combined with periodic filament removal 
steps. One particular embodiment of this process 
consists of: 1) a 6.7 minute etch using CHF3 (85cc) 
and 02 (8cc); and 2) a 0.8 minute filament removal 
using A5 (150cc) and O2 (50cc). Steps one and two 
are repeated until the desired depth, indicated by 
line 14, is reached. 

This process serves to prevent the develop- 
ment of filaments in the contact via One example 
of these filaments can be seen in FIGS. 7A and B. 
Filaments are caused by polymer build up during 
the etching steps in standard processes. The poly- 
mer buildup in areas is sufficient to prevent the 
substrate, located below it from etching. This re- 
sults from the polymer forming a protective cap 
that prevents the substrate below from being 
etched. These filaments prevent good coverage of 
the walls by the metal deposited in via 13 once the 
contact etch is completed. 

It should be noted that the frequency and dura- 
tion of the above steps can be varied to obtain the 
desired depth. It should also be understood that 
'different chemical compositions can be used that 
will result in the same type of etching of the 
substrate and polymer. 

It has been found that ion bombardment, with 
an Ar-02 mixture provides the preferable amount of 
filament removal. In addition, Argon is used with 
Oxygen to reduce the bulk resist removal rate 
since this has been found not to significantly re- 
duce the lateral removal rate. 

This process is designed to be run in a reac- 
tive ion etch (RIE) reactor in a continuous process. 



To accomplish this continuous process, the power 
is ramped on and off. This has been found to avoid 
the problems, such as degradation of gate integrity, 
caused by sudden power changes. 

5 The next step in the process is illustrated in 

RG. 3. This consists of etching the resist As 
shown, resist 11 has been etched back exposing 
more of the surface of substrate 12. In one particu- 
lar embodiment the etchant comprises 150cc Ar- 

70 gon and 50cc Oxygen and has a duration of 2.1 
minutes. As illustrated in FIG. 3, this etching step 
selectively etches the resist layer. 

The substrate is then etched again providing 
the stepped outline shown in FIG. 4. In one particu- 

75 lar embodiment, the etchant comprises 85cc CHF3 
and 8cc O2. This causes the substrate to be selec- 
tively etched, as illustrated. FIGS. 5 and 6 show the 
steps in FIGS. 3 and 4, respectively, repeated. 
As described above, the disclosed process 

20 does not require the use of resist flowing tech- 
niques. The overall process set out above can be 
written as follows: 

(X6.7'. Y0.8')2 X6.T. (Y2.1' f X2.5')*. 

25 

where: 

X represents 85cc CHF3 and 8cc O2; and 
Y represents 150cc A and 50cc O2. 
The above process equation is but one em- 
30 bodiment of the present invention. It should be 
noted here that by reducing the etch times and 
increasing their frequency, a smoother wall may be 
formed having smaller steps. This allows the slope 
to be selectively varied. 
35 Several process embodiments are set out be- 

low as examples of the present invention. The 
processes were carried out in an RIE reactor 



40 PROCESS I: .(Morenci Process) Step I: CHF3 = 
85cc: Servo Bias = -475V 

O2 = 8cc: Time = 5 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
45 Step II: O2 = 50cc: Servo Pwr = 500 W 
Time = 2 min. 
Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step lll:CHF 3 85cc: Servo Bias = -475V 
50 02 s 8cc: Time = 2 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step IV: O2 = 50cc: Servo Pwr = 500W 
Time = 2 min. 
55 Pressure = 50 mTORR 

RF off and 60 sec. Pump down between steps. 
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Step V: CHF 3 = 85cc: Servo Bias = -475V 
Oj - 8cc: Time = 2 min. 

Pressure = 50 mTORR 



PROCESS II: (Morenci Process) Small Tiers Step I: 
CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 25 min. 

Pressure = 50 mTORR 
RF off and 80 sec. Pump down between steps. 
Step II: 0 2 = 50cc: Servo Pwr = 500W 
Time = 3 min. 
Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step lll:CHF 3 = 85cc: Servo Bias - -475V 
O2 = 8cc: Time = 4 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step IV: O2 = 50cc: Servo Pwr = 500W 
Time = 3 min. 
Pressure ■ 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step V: CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 4 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step VI: O2 * 50cc: Servo Pwr » 500W 
Time » 3 min. 
Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step VH:CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 4 min. 

Pressure = 50 mTORR 



PROCESS III: (Large Tiers) Step I: CHF 3 = 85cc: 
Servo Bias = -475V 

O2 = 8cc: Time ■ 25 min. 

Pressure « 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step II: O2 = 50cc: Servo Pwr = 500W 
Time = 5 min. 
. Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step lll:CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 5 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step IV: O2 ■ 50cc: Servo Pwr = 500W 
Time = 5 min. 
Pressure = 50 mTORR 



PROCESS IV: Step I: CHF 3 * 8cc: Servo Bias = 
-475V 

O2 = 8cc: Time = 25 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 



Step II: O2 = 50cc: Servo Pwr = 500W 
Time = 3 min. 
Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps 
s Step lll:CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 3 min. 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step IV: O2 = 50cc: Servo Pwr = 500W 
70 Time = 3 min 

Pressure = 50 mTORR 
RF off and 60 sec. Pump down between steps. 
Step V: CHF 3 = 85cc: Servo Bias = -475V 
O2 * 8cc: Time = 3 min. 
75 Pressure = 50 mTORR 

RF off and 60 sec. Pump down between steps. 
Step VI: O2 = 50cc: Servo Pwr = 500W 
Time = 3 min. 
Pressure = 50 mTORR 
20 RF off and 60 sec. Pump down between steps. 
Step VII:CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 3 min. 

Pressure » 50 mTORR 

25 

PROCESS V: Step I: CHF 3 = 85cc: Servo Bias = 
-475V 

O2 = 8cc: Time = 25 min. 

Pressure = 50 mTORR 
30 Step II: O2 ■ 50cc: Servo Pwr = 500 W 
Tim© = 3 m j n . 
Pressure = 50 mTORR 
Step lllrCHR, - 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 3 min. 
35 Pressure ■ 50 mTORR 

Step IV: O2 = 50cc: Servo Pwr = 500W 
Time = 3 min. 
Pressure ■ 50 mTORR 
Step V: CHF 3 = 85cc: Servo Bias = -475V 
40 02 = 8cc: Time = 3 min. 

Pressure = 50 mTORR 
Step VI: O2 = 50cc: Servo Pwr = 500W 
Time = 3 min. 
Pressure = 50 mTORR 
45 Step VII:CHF 3 = 85cc: Servo Bias = -475V 
O2 = 8cc: Time = 3 min. 

Pressure = 50 mTORR 



so As can be seen in the photos of FIGS. 8A and 

8B, contact vias formed by this process have a 
much more uniform, smooth wall as opposed to the 
prior process, photos FIGS. 7A and 7B. The fila- 
ments have been eliminated thereby providing im- 

55 proved step coverage when plated or filled which 
increases the yield. 

Thus, it is apparent to one skilled in the art that 
there has been provided in accordance with the 



5 
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invention, a device and method that fully satisfies 
the objects, aims and advantages set forth above. 

While the invention has been described in con- 
junction with specific embodiments thereof, it is 
evident that many alterations, modifications, and 
variations will be apparent to those skilled in the art 
in light of the foregoing description. Accordingly, it 
is intended to embrace all such alterations, modi- 
fications and variations in the appended claims. 



Claims 

1 . A process is claimed for providing a sloped 
contact etch comprising the steps of: 

(a) etching a substrate 12 a first time in an 
area defined by a resist layer 11; 

(b) removing a polymer produced on said 
substrate 12 during said step of etching said sub- 
strate 12 a first time; 

(c) etching said resist layer 11 thereby in- 
creasing the area of said substrate 12 defined by 
said resist layer 11; and 

(d) etching said substrate 12 in the area 
defined by said resist layer 11. 

2. The process of claim 1 further comprising, 
following step (b), the steps of: 

etching said substrate 12 a second time in 
said area defined by said resist layer 1 1 ; and 

removing a polymer produced on said 
substrate 12 during said step of etching said sub- 
strate 12 a second time. 

3. The process of claim 1 further comprising, 
following step (d). the step of repeating steps (c) 
and (d) until a desired depth in said substrate 12 is 
reached. 

4. The process of claim 1 wherein a power 
level is ramped from a first level during step (a) 
down to a second level and ramped back up to a 
third level during step (c). 

5. A process is claimed for providing a sloped 
contact etch comprising the steps of: 

(a) etching a substrate 12 a first time in an 
area defined by a resist layer 11; 

(b) removing a polymer produced on said 
substrate 12 during said step of etching said sub- 
strate 12 a first time; 

(c) etching said substrate 12 a second time 
in said area defined by said resist layer 11; 

(d) removing a polymer produced on said 
substrate 12 during said step of etching said sub- 
strate 12 a second time; 

(e) etching said substrate 12 a third time in 
said area defined by said resist layer 1 1 ; 

(f) etching said resist layer 11 thereby in- 
creasing the area of said substrate 12 defined by 
said resist layer 11; and 



(g) etching said substrate * 12 in the area 
defined by said resist layer 11. 

6. The process of claim 5 wherein the etching 
of steps (a), (c) and (e) has a duration of approxi- 

5 mately 6.7 minutes. 

7. The process of claim 5 wherein the etching 
of steps (b) and (d) has a duration of approximately 
0.8 minutes. 

8. The process of claim 5 wherein the etching 
70 of step (f) has a duration of approximately 2.1 

minutes. 

9. The process of claim 5 wherein the etching 
of step (g) has a duration of approximately 2.5 
minutes. 

is 10. The process of claim 5 further comprising, 

following step (g), the step of repeating steps (f) 
and (g) until a desired depth is reached. 



6 
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